ABSTRACT This paper presents a procedure to transform a chaotic logistic map into a continuous-time delay chaotic system by using sampled-data representation of continuous-time models. Because of this, the chaotic behavior of the resultant scheme is easy to proofread. A numerical illustration is also realized by utilizing Matlab/Simulink, where the new resultant chaotic attractor is shown.
Introduction
Continuous-time delay chaotic systems have been extensively studied during these last years. For instance, and just to cite a few cases, in [1] the authors analyzed chaotic behavior in a multiple delay Rössler system. In [2] , chaos in a Lotka-Volterra predator-prey system with time delays is studied, bifurcations and chaos of a delayed ecological model is granted in [3] , chaotic behavior on tumor growth dynamics is evidenced in [4] , and so on.
On the other hand, anti-control of chaos in continuous-time systems via time-delay feedback has been also examined, for instance, in [5] . In general, this anti-control strategy consists of creating chaos when it is beneficial, where, according to [5, 6] , examples include: liquid mixing, human heartbeat regulation; and secure communication [8, 9, 10] , synchronization [11] , chaos experimental realization [12] , and so forth. Therefore, the anti-control of chaos is still a meaningful topic to be investigated.
Finally, analog-electronics realization of discrete-chaotic models has been designed, for instance, in [7] , [13] , and [14] . This attempt can be considered as a technique to extend from discrete-time domain of chaotic systems to the continuous-time domain. And according to our design, this analog-electronics implementation seems easy to carry on because it just requires one analog multiplier, one integrator, and one reset integrator. Further comments on it are given in the conclusion section of this note.
The main contribution of this short note is to afford an alternative method to generate continuous-time chaotic systems from discrete-time ones. In this way, the chaotic proof behavior of the resultant model is easily to evidence.
The structure presentation of this report is as follows. Section 2 describes the continuous-time delay representation of sampled-data systems. Based on this, the conversion from discrete-time domain to continuous one is accomplished. Section 3 gives a recently reported chaotic system based on the logistic map (see [15] ). Section 4 shows how to transform this discrete-time chaotic system into a continuous-time one by using the theory presented in Section 2. Section 5 evidences numerical results of the proposed system by utilizing Matlab/Simulink; therefore, a new chaotic attractor is shown. Finally, the main conclusions are given in Section 6.
Dynamical representation of sampled-data systems
A sampled-data representation of a linear continuous system 1 , and when zero-order hold devices are employed, can be represented as (see, for instance, [16] , and [17] ):
where x ∈ R n , u ∈ R m are the state and the control input of the plant. K is the stabilizing matrix gain statefeedback controller. So, the value of Kx(t k ) is maintained over [t k , t k+1 ), where the sequence {t k } are the sampling instants and assumed strictly increasing on time. An alternative representation of the system (1)- (2) is [16] , [17] :
where τ (t) is a delay function such thatτ (t) = 1 almost everywhere with discontinuous re-settings to zero at timeinstants t 1 < t 2 < · · · (see Fig. 1 ). In this direction, the delay function is such that:
When periodic sampling is assumed, the resetting points are equidistant; e.g. t k+1 = t k + T , where T > 0 is named the sampling period. Hereafter, for simplicity, we are going to use τ t = τ (t).
A chaotic logistic map
Earlier, the logistic map was a very simple mathematical representation to describe the growth of biological populations that has a simple complex behavior [18] . Due its mathematical model simplicity, this base-model continues to be an useful reference test applied to new developments on chaos theory and its applications [15, 18, 19, 20] .
On the other hand, a new chaotic logistic map was designed in [15] :
The above system is simple in its mathematical modeling, easy to work on it, and it is relative new. Hence, this system will be invoked in the next section.
The aimed continuous-time delay chaotic system
Using the former information, our main result is as follows.
Theorem 1.-For a sufficiently large-positive value of α, and a T -periodic delay function τ t (as was previously described), the following continuous-time delay system is chaotic:
Proof.-According to the theory antecedently introduced, system (7) can be expressed as:
where y(t k ) ). Now, system (8) is integrated to hold:
Then, by replacing t = t k+1 , and assuming α sufficiently large, we obtain:
which is precisely system (6) with w(k) = y(k). ⋄ It is observed that the proof given in this theorem may be a general tool to be applied to design other examples. Actually, from the above theorem, system (8) is chaotic if the corresponding system w(k + 1) = f (w(k)) is chaotic too, which seems obvious because it is a filter version of a chaotic discrete signal. However, its time delay realization (for instance, (7)) is a new concept, at least, from the academic point of view. Hence, and in the author's opinion, this is an important contribution.
Numerical experiments
The system (7) was implemented by using Matlab/Simulink with α = 10, see Fig. 2 . In this figure, further the traditional diagram blocks, we can see a reset integrator block implemented to capture the desired resetting dynamic behavior shown in Fig. 1 , and applied to our system design. Hence, the resetting period is governed by the shown Pulse Generator, where the reset condition is enforced at each falling edge of this signal. Finally, numerical experiment results are shown in Figures 3-5 . These results validate the expected result on chaos realization; specially, the new chaotic attractor displayed in Fig, 4 .
Conclusion
This short paper has presented a mathematical method to design a continues-time delay chaotic system from a given discrete-time chaotic realization. This propose also means an easy path to prove chaos; which, usually, involves using Lyapunov exponents, bifurcation diagrams, and chaotic attractors. Therefore, the proposed method to chaos test is a simple one. Finally, one possible future work is the analog implementation of this system. According to the block diagram shown in Fig. 2 , this implementation would be easy to achieve because it just requires one analog multiplier, one integrator, and one reset integrator. Reset integrator, from the electronics point of view, is easy to realize [21] . Finally, in our main theorem, it is important to note that the assumption of the resenting equidistant points in the delay function can be relaxed. Figure 5. Numerical result: τ (t) = τ t using a sampling rate of one second.
